were obtained, and raw reads with quality scores less than 25 and lengths shorter than 25 bp after stripping the adapters were filtered using SeqPrep (https://github.com/jstjohn/seqprep). De novo assembly was performed using CLC Genomics Workbench (QIAGEN) and produced 1,920,476 contigs, where parameters were set as: average coverage value of 25× and minimum contig length of 299 bp. MSATCOMMANDER 1.0.8 software was used to identify contigs carrying di-, tri-, and tetranucleotide repeats with a minimum of five repeats and a minimum tract length of 100 bp (other parameters were set to default settings) (Faircloth, 2008) . Ninety-four primer pairs were designed for microsatellite loci candidates using Primer Premier 5.0 software (Premier Biosoft International, Palo Alto, California, USA) and tested with 15 C. tibeticum samples (five individuals from each population) for amplification efficiency and polymorphism. Each 15-μL PCR reaction contained ~15 ng of genomic DNA, 1.5 μL of 10× PCR buffer, 0.8 μL of fluorescently labeled TP-M13 (5 mM), 1.0 μL of each primer (10 mM), 1.5 μL of dNTP (10 mM), and 0.1 μL of Platinum Taq DNA polymerase (Invitrogen, Carlsbad, California, USA). All candidate primer pairs were tested by a touchdown PCR protocol as follows: 94°C for 2 min; five cycles of 94°C for 30 s, 60-56°C (Δ1°C touchdown per cycle) for 30 s, 72°C for 30 s; followed by 35 cycles of 94°C for 30 s, 55°C for 30 s, 72°C for 30 s; and a final extension at 60°C for 30 min.
Results from testing primer pairs showed that 26 pairs produced bands within the expected size range on agarose gels in all the samples tested. The size of amplified fragments from these loci was further analyzed on an ABI PRISM 3130xl Genetic Analyzer (Applied Biosystems, Waltham, Massachusetts, USA), and allele sizes were scored by GeneMapper version 3.2 software (Applied Biosystems). Twenty loci were polymorphic and showed clear peaks. The authenticity of these amplified loci was confirmed by Sanger sequencing of representative PCR products, and sequences have been deposited in GenBank (Table  1) . Sequence library data of this study were deposited to the Sequence Read Archive of the National Center for Biotechnology Information (NCBI; BioProject ID: PRJNA393499).
Data analysis and results-These 20 microsatellite loci were PCRamplified in an additional 74 individuals from three C. tibeticum populations collected in Sichuan Province. For each locus, the observed number of alleles, effective number of alleles, observed heterozygosity, and expected heterozygosity were calculated using PopGene32 version 1.32 (Yeh et al., 1999) . Tests for Hardy-Weinberg equilibrium and linkage disequilibrium were performed by GENEPOP Web version 4.2 (Rousset, 2008) . The total number of alleles per locus ranged from two to 21 (mean ± SD: 6.350 ± 4.320). The observed heterozygosity and expected heterozygosity ranged from 0.261 to 0.967 (0.664 ± 0.143) and from 0.441 to 0.960 (0.745 ± 0.119), respectively (Table 2 ). Of the 20 polymorphic loci, nine loci in the Huanglong population, six loci in the Kangding population, and five loci in the Xiaojinxian population deviated significantly from Hardy-Weinberg equilibrium, respectively (P < 0.05; Table 2 ). Linkage disequilibrium was not detected at any locus.
The utility of these 20 microsatellite loci developed for C. tibeticum was also detected in two other Cypripedium species: C. flavum and C. bardolphianum. Note: A = number of alleles; A e = effective number of alleles; H e = expected heterozygosity; H o = observed heterozygosity; n = number of individuals sampled for each population. * Significant deviation from Hardy-Weinberg equilibrium (P < 0.05). a Voucher and locality information are provided in Appendix 1. Note: -= unsuccessful amplification; A = number of alleles; H e = expected heterozygosity; H o = observed heterozygosity; n = number of individuals sampled for each population. * Significant deviation from Hardy-Weinberg equilibrium (P < 0.05). a Voucher and locality information are provided in Appendix 1.
Eighteen loci were successfully PCR-amplified in C. flavum, and 17 loci were amplified in C. bardolphianum (locus M294 did not amplify in C. bardolphianum, M370 and M886 did not amplify in either species). Genotyping results showed locus M372 was monomorphic in both species, and M136 was polymorphic in C. bardolphianum but monomorphic in C. flavum. All the other markers were polymorphic in both species (Table 3) .
CONCLUSIONS
In this study, we developed and validated 20 polymorphic microsatellite markers for the orchid C. tibeticum, most of which showed applicability in two related Cypripedium species:
